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METHOD AND DEVICE FOR MONITORING AN
AREA OF COVERAGE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Priority is claimed herein with respect to German
Application No. 102 51 584.0 filed on Nov. 6, 2002, the
subject matter of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The invention relates to a device for monitoring an
area of coverage around a working tool.

[0004] 2. Related Art

[0005] The working tool can be an assembly robot, for
example, which is used for assembling work pieces. Assem-
bly robots of this type are potentially very dangerous to the
operator because the operator normally must insert the work
pieces manually into the assembly robot.

[0006] Protective devices are generally used to secure
such areas of coverage, which devices stop the operation of
the working tool in case of an unauthorized operator inter-
vention.

[0007] These protective devices in particular can be
designed as two-hand controls. Two-hand controls of this
type protect the operator’s hands because two levers must be
activated to trigger and maintain a movement that can be
dangerous. As a result, the operator must keep both hands on
the levers and is thus protected from injuries during the
operation of a working tool. However, the disadvantage of
this arrangement is that other individuals in the area of
coverage are not protected.

[0008] In cases where the working tool is designed as an
assembly robot, it is a further disadvantage that the operating
cycle of the assembly robot is reduced, thus resulting in an
unnecessary restriction of its availability.

[0009] Safety light curtains and/or laser scanners are also
used as protective devices. A safety light curtain of this type
is known, for example, from reference DE 39 39 191 C3.
These safety light curtains consist of several pairs of trans-
mitters and receivers that respectively form a light barrier.
As a rule, laser scanners serve as protection against stepping
behind a light barrier or a light grid.

[0010] Safety devices of this type are generally used to
monitor a level, two-dimensional area of coverage.

[0011] The disadvantage of these types of safety devices is
that a plurality of safety devices are required to completely
secure the area of coverage around an assembly robot, in
particular with respect to access protection and securing of
the area. Not only does this represent an undesirably high
expenditure, it also requires an involved assembly, wherein
the space available for installation of these devices is
frequently insufficient.

[0012] Reference EP 0 902 402 A2 discloses a method for
optically monitoring a three-dimensional space, in particular
the door region of an elevator, with the aid of a camera.
Alternatively, several cameras can be provided for monitor-
ing respectively different segments of the three-dimensional
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space. The camera or each camera is designed as a digital
camera and is provided with a camera module, an analog/
digital converter, an evaluation unit, a micro-processor and
an image storage unit. In order to monitor the three-dimen-
sional space, a pixel-type comparison of the grey values of
an actual image and the grey values of a reference image
takes place in the evaluation unit. In the process, the
differences are formed between the grey values of the actual
image and the grey values of the reference image. In
addition, the micro-processor monitors the camera operation
by determining whether a basic brightness for the actual
image is not reached and/or is exceeded.

[0013] Reference DE 101 20 773 Al discloses an arrange-
ment comprising a video camera and a device for preventing
accidents, wherein the video camera is used to monitor a
three-dimensional space. Alternatively, several video cam-
eras can be provided for monitoring respectively different
spatial areas. The image-processing system is coupled to or
associated with the camera or to each camera. An analog/
digital converter, for which the output is coupled to two
image-processing channels, is installed downstream of the
image-processing system. Both channels are connected to a
data comparison unit.

SUMMARY OF THE INVENTION

[0014] Tt is the object of the invention to create a system
that ensures a secure monitoring of an area of coverage
around a working tool, without resulting in an unnecessary
restriction of its availability.

[0015] This object is solved with a method for monitoring
an area of coverage around a working tool with the aid of at
least one camera and including the steps of using the camera
to record an object-free security zone within the area of
coverage as a reference background; checking the reference
background with respect to non-homogeneity, wherein the
reference background is rejected as non-valid only if the
non-homogeneity detected within a predetermined variance
distance falls below a predetermined level and the reference
background is otherwise classified as valid; if the reference
background is classified as valid, releasing an operation for
detecting safety-critical objects entering the security zone by
comparing images actually recorded with the camera in the
security zone with the valid reference background and
wherein a safety-critical object is considered recognized if
the respective actual image deviates significantly from the
valid reference background.

[0016] The device, according to the invention, for moni-
toring an area of coverage around a working tool includes at
least one camera, at least one computer unit that is coupled
to the camera and at least one switching output with means
integrated into the computer unit for storing and classifying
a reference background, wherein the reference background
is an image, recorded with the camera, of an object-free
security zone within the area of coverage. The device further
includes means, integrated into the computer unit, for releas-
ing an object detection in dependence on the classification of
the reference background, and means, integrated into the
computer unit, for comparing actual images of the security
zone, recorded with the camera and a reference background
classified as valid, wherein a detection of a safety-critical
object within the security zone is ensured if the actual image
differs significantly from the reference background and
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wherein the working tool is activated via the switching
output that is triggered by the computer unit, but only if no
safety-critical object is located within the security zone.

[0017] Advantageous embodiments and useful modifica-
tions of the invention are described in the dependent claims.

[0018] With the method according to the invention, the
area of coverage for a working tool is monitored with the aid
of at least one camera. In a first method step, an object-free
security zone within the area of coverage is recorded as
reference background with the camera. Subsequently, the
reference background is checked with respect to non-homo-
geneity. In the process according to the invention, the
reference background is rejected as invalid only if the
non-homogeneity that is determined for a predetermined
variance distance is lower than previously specified. Other-
wise, the reference background is classified as valid. Fol-
lowing this, the operation to detect safety-critical objects
that penetrate the security zone is released while the refer-
ence background is classified as valid by comparing actual
images of the security zone recorded with the camera to the
valid reference background. A safety-critical object is con-
sidered detected if the respective actual image differs sig-
nificantly from the reference background.

[0019] By referencing the actual image information on the
reference background, safety-critical objects can be verified
with higher reliability during the detection operation.

[0020] Tt is essential in this case that the reference back-
ground is checked with respect to its non-homogeneity and
is classified as valid only if this background does not contain
homogeneous zones having dimensions larger than the
specified variance distance. The variance distance in this
case corresponds preferably to half the minimum object size
to be detected and thus corresponds to the camera and/or the
camera system resolution.

[0021] This check of the reference background ensures
that the operation to detect safety-critical objects is released
only if a continuous non-homogeneous reference back-
ground exists. In particular, homogeneous safety-critical
objects and especially objects with a uniform color can thus
be detected securely against the non-homogeneous reference
background because the objects as homogeneous image
areas contrast sharply with the non-homogeneous reference
background. In the same way, non-homogeneous objects can
also be securely detected by comparing the actual images
recorded with the camera to the reference background
classified as valid since the probability of the non-homoge-
neous structure of the object being identical to the structure
of the reference background is negligibly small.

[0022] Inorder to classify the reference background, a grid
of planar zones is defined during the evaluation of the image
of the object-free security zone, wherein a predetermined
number of receiving elements of the camera are combined in
each of the preferably identical zones. A reference image
characteristic is derived in each zone for which the dimen-
sions have been adapted to the size of the variance distance.
Depending on the design of the camera, the reference image
characteristic can be defined as an average value of the grey
values or color values of the individual receiving elements
of a zone. In that case, the variance distance is preferably
defined as the distance between two adjacent zones, wherein
a valid reference background exists only if no adjacent zones
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with identical values for the reference image characteristic
are recorded within the zone grid.

[0023] The existence of a valid reference background is
verified within the framework of a teach-in operation. This
teach-in operation ensures that no object is located in the
area of coverage, in particular in the security zone. The
classification of the reference background is preferably
indicated with an indicator output, so that an operator can
check whether or not a valid reference background was
learned. If no valid reference background exists, the teach-in
operation can be repeated. The device for the object detec-
tion is released for operation only if a valid reference
background was learned.

[0024] The most basic design of the device according to
the invention is provided with one camera to which a
computer unit is coupled. The output signals from the
camera are evaluated in the computer unit, wherein a switch-
ing output is triggered in dependence thereon, which can
then be used to start the working tool operation. In addition,
the indicator output can advantageously be triggered with
the computer unit. The working tool is activated via the
switching output, but only if a valid reference background
was learned and the object detection was subsequently
released and if no safety-critical object is detected in the
security zone during this object detection.

[0025] According to one advantageous embodiment, the
device according to the invention has a redundant camera
system consisting of two cameras and a beam divider which
is installed upstream of the cameras. Images of the area of
coverage are projected via the beam divider onto both
cameras. The device furthermore has two computer units,
wherein respectively one computer unit is connected or
coupled to one of the cameras for evaluating the image
information recorded therein. Both computer units are con-
nected, such that they can monitor each other. The switching
output and, if necessary, the indicator output are then acti-
vated by both computer units.

[0026] The two cameras form a redundant camera system,
thus resulting in high detection reliability during the object
coverage. The high detection reliability is furthermore
ensured by the two-channel computer setup, installed down-
stream of the cameras.

[0027] The image processing according to the invention
thus occurs in such a way that respectively the same image
of the area of coverage is projected onto the camera by the
beam divider. The image information generated by a camera
during the teach-in operation for checking the reference
background and during the subsequent object coverage is
respectively evaluated in the computer unit that follows this
camera. In addition, a comparison of the evaluation results
from both computer units is made, wherein this comparison
occurs preferably on an image characteristic level. In the
process, the object detection following the teach-in opera-
tion is released only if the reference background in both
computer units is classified as valid. During the following
object coverage, a comparison is made in both computer
units of the actually detected image and the reference
background stored in the respective computer unit.

[0028] The device according to the invention preferably
forms a system with diverse redundancy. The cameras,
which are preferably identical or at least operate in the same
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way, as well as the downstream-connected computer units
form a redundant optical and hardware system while the
design for the computer unit software is diverse. It means
that the computer units use differently configured software
structures which can be realized by installing different
software modules or running different program sequences on
the computer units.

[0029] A high reliability for evaluating the image detec-
tion is thus achieved with the device according to the
invention, so that the device meets the safety-technical
requirements for use in the area of individual protection.

[0030] Thus, with the device according to the invention
and a suitable selection of the area that is covered by the
camera system, it is possible to protect the access area as
well as the region around a working tool. The working tool
is preferably a working robot, in particular an assembly
robot. In general, the working tool can be a printing
machine, a feeding device, a press, in particular a folding
press or the like.

[0031] The invention additionally has the advantage that
within the area of coverage recorded by the camera system,
safety-critical objects such as hands or fingers of a person
can be distinguished from non safety-critical objects. This
distinction is usefully made with the image characteristic
analysis realized in the computer units.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The foregoing and other features and advantages of
the invention will be apparent from the following, more
particular description of a preferred embodiment of the
invention, as illustrated in the accompanying drawings
wherein like reference numbers generally indicate identical,
functionally similar, and/or structurally similar elements.

[0033] FIG. 1 is a working tool embodied as assembly
robot, having a device according to the invention for moni-
toring an area of coverage in the access area to the assembly
robot.

[0034] FIG. 2 is a block diagram of the device according
to the invention as shown in FIG. 1.

[0035] FIG. 3 is a working tool in the form of a printing
machine, having a device according to the invention for
monitoring an area of coverage that extends over the region
of the feeder and the removal unit for the printing machine.

[0036] FIG. 4 is a printing machine according to FIG. 3
with two devices according to the invention for monitoring
the region extending over the removal unit and the feeder.

[0037] FIG. 5 illustrates a paper-intake region of the
feeder for the printing machine, shown in FIG. 3 or 4, which
is monitored by a device according to the invention.

[0038] FIG. 6 is a side view of a working tool embodied
as folding press, which has an upstream-installed device
according to the invention for monitoring an area of cover-
age.

[0039] FIG. 7 is a cross-sectional view of a detail of the
arrangement according to FIG. 1, with respectively one
security zone and one warning zone located within an area
of coverage.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0040] FIG. 1 shows an exemplary embodiment for a
protective device used to monitor the surrounding area of a
working tool embodied as assembly robot. For the present
example, the working robot is an assembly robot 1.

[0041] The assembly robot 1 is located within a fenced-in
production cell 2 with a fencing 3 which is provided with an
access opening 4. Objects are inserted into the production
cell 2 via the access opening 4 and are also removed from
this cell. In addition, the operating personnel can access the
production cell 2 via this access opening 4. The protective
device is the device 5§ according to the invention, which is
used to monitor an area of coverage 6. The area of coverage
6 for the present case extends over the region of the
production cell 2 as well as the surrounding area.

[0042] The device 5 is integrated into a housing which is
fitted form-fittingly onto a mechanical holder, not shown
herein, such that it is arranged at an angle above the
assembly robot 1. The mechanical holder can be adjusted in
all three spatial directions to align the device 5.

[0043] FIG. 2 schematically shows the configuration of
the device 5 according to the invention. The device 5 has a
lighting system 50 for illuminating the area of coverage 6 to
be monitored. The device 5 furthermore has a redundant
camera system. The camera system comprises two cameras
51, 51' and a beam divider 52 that is installed upstream of
the cameras. In the present case, the cameras 51, 51' have
identical designs and are, for example, CMOS or CCD
(Charge-Coupled Device) cameras. Each camera 51, 51' has
a matrix-type arrangement of receiving elements, wherein
different cameras 51, 51'can in principle be used. However,
the operation of the cameras must be the same, at least with
respect to the optical parameters as well as the resolution and
the size of the light-sensitive surface. The beam divider 52
is a beam-divider objective or the like. With the aid of the
beam divider 52, the same image of the area of coverage 6
is respectively projected onto the light-sensitive surfaces of
the cameras 51, 51'.

[0044] Respectively, one computer unit 53 or 53' is con-
nected to each camera 51, 51'. The two computer units 53,
53' form a two-channel evaluation unit for evaluating the
image information generated in the cameras 51, 51'. The
computer units 53, 53' are furthermore connected to each
other, wherein each computer unit 53, 53' is provided with
a corresponding interface 54, 54'. A bidirectional data
exchange between the computer units 53, 53' takes place via
the interfaces 54, 54'.

[0045] The outputs of the computer units 53, 53' are
conducted to an output circuit 55. For the present case, the
output circuit 55 comprises a switching output 56, a warning
output 57 and an indicator output 58. The switching output
56 and preferably also the warning output 57 as well as the
indicator output 58 are designed as self-testing safety out-
puts.

[0046] The device 5 according to the invention forms a
system with diverse redundancy. The cameras 51, 51' as well
as the hardware structures of the computer units 53, 53' have
a redundant design while the software for the computer units
53, 53' has a diverse design. This is achieved with the aid of
different software structures for the computer units 53, 53'.
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On the one hand, it can be achieved by installing different
types of software modules in the computer units 53, 53'. On
the other hand, the diverse software structure can also be
created by realizing different program sequences in the
computer units 53, 53'.

[0047] The image information from the cameras 51, 51" is
read into the respectively connected computer units 53 or 53'
where the analog image information is initially digitized and
is then evaluated.

[0048] Depending on whether the cameras 51, 51' are
grey-value cameras or color cameras, the evaluation occurs
in the form of a grey-value analysis or a color characteristic
analysis.

[0049] The device 5 is used to check whether a safety-
critical object is located within a security zone 7 inside the
area of coverage 6. If that is the case, the working tool
operation is stopped via the device 5 to protect the operator.
However, if no safety-critical object is located in the security
zone 7, then the operation of the working tool is released via
the device 5.

[0050] The working tool is activated with the aid of a
binary switching signal which is transmitted via the switch-
ing output 56 to the working tool. The switching output 56
alternatively can be connected via a safety bus system to the
working tool.

[0051] For the simplest case, the security zone 7 where
safety-critical objects are detected covers the same area as
the area of coverage 6 that is monitored by the device 5. The
security zone 7 is usefully limited to the regions within the
area of coverage 6 where danger to the operating personnel
must be feared. For the case shown in FIG. 1, the security
zone 7 represents a three-dimensional partial region of the
area of coverage 6, which is located within the fenced area
3. The pivoting range for the assembly robot 1, which
represents the danger zone, is thus covered along with the
security zone 7.

[0052] In addition to the security zone 7, a warning zone
8 is shown in the exemplary embodiment according to FIG.
1. The warning zone 8 is located in the area surrounding the
security zone 7 and directly adjoins the outside of the
fencing 3 in the region of the access opening 4.

[0053] In the device 5, the warning output 57 is assigned
to the warning zone 8 which controls a warning indicator
that is not shown herein. Whether or not a safety-critical
object is located in the warning zone 8 is recorded in the
device 5. A binary signal is generated in dependence
thereon, wherein the respective switching state of the signal
is output via the warning output 57. In case a safety-critical
object is recorded in the warning zone 8, the warning
indicator is activated via the switching state generated as a
result and emits an acoustical and/or optical warning signal.

[0054] A reference image comparison permits the object
detection within the security zone 7 and advantageously also
within the warning zone 8.

[0055] A teach-in program is realized for this before the
start of the operating phase for device § in order to learn a
reference background. In the process, the object-free secu-
rity zone 7 and the object-free warning zone 8 are detected
with the aid of the camera system for the device 5. The
respective image information is stored as reference back-
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ground. The device 5 of the present case has a two-channel
design, so that the reference background is stored in both
computer units 53, 53'.

[0056] The reference background is then classified as valid
or non-valid in each computer unit 53, 53', wherein the
reference background is checked with respect to its non-
homogeneity. A reference background is classified as valid
only if it does not contain homogeneous regions with
dimensions larger or equal to a variance distance, wherein
the variance distance preferably corresponds to half the
minimum object size which can be detected with the device
5.

[0057] In order to check the reference background, the
matrix-type receiving elements of the assigned camera 51,
51' in each computer unit 53, 53' are divided into planar
zones. These zones are preferably identical in size and are
adapted to the size of the variance distance.

[0058] A reference image characteristic for evaluating the
non-homogeneous structure of the reference background is
derived in each of the zones from the output signals of the
receiving elements for this zone and is used for evaluating
the image information for the image of the object-free
security zone 7 and the warning zone 8 which forms the
reference background.

[0059] Depending on the camera 51, 51' design, the aver-
age of the grey values or color values that form the output
signals of the receiving elements of a zone is formed in the
case at hand as reference image characteristic. Subsequently,
the average values of adjacent zones, obtained in this way,
are compared. A non-valid reference background exists if
within the complete reference background the same average
value is obtained for at least two adjacent zones within
predetermined tolerance limits in at least one computer unit
53, 53'. In contrast, a valid reference background exists only
if a check of the reference background in both computer
units 53, 53' shows that no adjacent zones with the same
reference image characteristic exist within the reference
background. The variance distance is thus defined during
this check by the distance between two neighboring zones.

[0060] The two switching states of the binary control
signal that is generated in both computer units 53, 53'
indicate whether a valid or a non-valid reference background
exists. In the process, the control signal is transmitted to the
indicator output 58, by means of which the switching states
of the control signal are visualized.

[0061] The detection of objects in the security zone 7 and
the warning zone 8 is released or blocked in dependence on
the switching states of the control signal.

[0062] The object detection is not released if a non-valid
reference background exists, meaning the device 5 cannot
monitor the security zone 7. Accordingly, the working tool
operation is also blocked via the switching output 56.

[0063] An operator can recognize from the signal emitted
at the indicator output 58 that a non-valid reference back-
ground was learned and the device 5 is therefore blocked.
The operator can then repeat the teach-in operation until a
valid reference background is learned.

[0064] As soon as a valid reference background is learned,
the control signal will release the object detection operation
in the device 5.
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[0065] Objects are detected within the protection zone 7
and the warning zone 8 by comparing the images actually
recorded with the camera system to the valid reference
background stored in the computer units 53, 53'.

[0066] In the process, image characteristics are obtained
from the actual image information, which are then used to
detect and classify an object.

[0067] Inthe process, the receiving elements of the respec-
tive camera 51, 51' are preferably divided into the same
zones, which were also used for classifying the reference
background. An image characteristic is detected within each
zone. For the simplest case, the averages are again formed
of the output signals for the receiving elements of a zone
which are embodied as grey values or color values.

[0068] For the object detection, the image characteristics
of the actual images recorded with the camera 51, 51' are
compared to the reference image characteristic for the stored
reference background. An object is viewed as recognized in
a computer unit 53, 53' if at least one image characteristic
does not coincide with the associated reference image char-
acteristic.

[0069] As a result of the evaluation of the image charac-
teristics, a distinction is made in particular between safety-
critical and non safety-critical objects. The safety-critical
objects include operating personnel, in particular the arms of
an operator. Non safety-critical objects, for example, are
static objects in the area surrounding the assembly robot 1
and especially the parts to be worked on by the robot.

[0070] The results of the image evaluation which are
obtained with the individual computer units 53, 53' are then
compared, wherein the comparison preferably occurs on the
level of the individual image characteristics.

[0071] A safety-critical object is considered recognized if
the image characteristics corresponding to a safety-critical
object are detected in the same way in both computer units
53, 53'. If a safety-critical object is detected within the
security zone 7, this results in a shutdown of the working
tool.

[0072] The working tool is furthermore shut down for
safety reasons if the comparison of the image characteristics,
obtained with the computer units 53, 53', does not lead to a
corresponding result since it cannot be ruled out in that case
that a safety-critical object is located in the security zone 7.

[0073] A warning indicator is used to signal if a safety-
critical object is recorded in the warning zone 8. An operator
is thus made aware of the fact that a safety-critical object is
located in the immediate area of the security zone 7. In
particular, it is signaled to the operator that his/her arms are
near the security zone 7, so that the operator can avoid the
danger of injury by removing his/her hands from the warn-
ing zone 8. This does not require an intervention into the
security zone 7, which would result in an undesirable
shutdown of the assembly robot 1.

[0074] According to one advantageous modification of the
invention, the movement direction of a safety-critical object
is detected within the warning zone 8.

[0075] Activating the warning indicator 60 in this case
makes sense only if a safety-critical object within the
warning zone 8 moves toward the security zone 7.
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[0076] In principle, an area of coverage 6 that is covered
by a device 5 can respectively be subdivided into several
security zones 7 and warning zones 8. The reference back-
ground in this case advantageously comprises all security
zones 7 and warning zones 8, so that objects can again be
detected in this background through a reference image
comparison. A separate switching output 56 is respectively
assigned to each security zone 7 and a separate warning
output 57 to each warning zone 8.

[0077] The working tool is shut down via the device 5 if
at least one safety-critical object is recorded in at least one
security zone 7.

[0078] Depending on the use, a separate warning indicator
can be provided for each warning zone 8. Alternatively, a
warning indicator can also be assigned to several warning
outputs.

[0079] Inthe process, the switching states of the switching
outputs 56 and the warning outputs 57 can be visualized by
using suitable display means provided for this.

[0080] The exemplary embodiment according to FIG. 1,
for example, can be visualized in the form of a traffic light.
If such a traffic light is red, then a safety-critical object is
located in the security zone 7. A yellow light means a
safety-critical object is located in the warning zone 8 while
the security zone 7 is clear. A green light indicates that no
safety-critical object is located in the security zone 7 or in
the warning zone 8.

[0081] The dimensions for the security zone 7 and/or the
warning zone 8 can be input, for example, by entering
parameters into the device 5.

[0082] For example, the device 5 can be connected to a
computer, e.g. a personal computer, for the start-up and
configuration of the protective device 5. The parameters for
the security zones 7 and/or the warning zones 8 can then be
plotted graphically with the PC mouse on the respective
recorded image.

[0083] Alternatively, the security zones 7 and/or the warn-
ing zones 8 can be dimensioned by using a teach-in opera-
tion prior to starting up the device §.

[0084] Furthermore, the aforementioned configuration
options can also be used to define regions within the area of
coverage 6, which are exempted from the monitoring
through blanking them out. These regions can also overlap
in particular with the security zones 7. During the subse-
quent operating phase of the device 5, these regions are
preferably activated at predetermined intervals. During these
intervals, the working tool is not shut down and a warning
signal is not issued if a safety-critical object penetrates such
a region.

[0085] The definition of such regions in particular makes
sense if the operation of dangerous working tool compo-
nents is stopped at predetermined intervals, for example, so
that the operating personnel in the surrounding area is not in
danger during these intervals. It makes sense if the security
zones 7 and the warning zones 8 are defined application
specific during the configuration.

[0086] FIGS. 3 and 4 show embodiments where the
working tool that is monitored by the protective device
according to the invention is a printing machine 9.
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[0087] FIG. 3 shows a printing machine 9, comprising a
feeder 10 and a removal unit. The feeder 10 forms the intake
region where paper sheets are withdrawn from paper stacks
11 and are pulled into the printing unit of the printing
machine 9. For this, the individual paper stacks 11 are
supplied on pallets and via a first chain conveyor 12 to the
feeder 10. In the feeder 10 region, the paper stacks 11 are
transported on a roller conveyor 13. Once they are printed
on, the paper sheets in the form of paper stacks 11, which are
stacked on pallets, are transported in the removal region
away from the printing machine 9 via a second chain
conveyor 14. In the regions extending over the chain con-
veyors 12, 14 and the feeder 10, the danger of injury to the
operating personnel exists as a result of the movements of
the pallets holding the paper stacks 11.

[0088] With known printing machines 9, a fencing is used
to secure these areas of coverage 6, which completely
prevents any intervention by the operating personnel. As a
result, the overview of and access to the printing machine 9
are restricted unnecessarily. In particular, it is not possible or
only with great difficulty to position non-safety-critical
objects in the area of coverage 6.

[0089] The device 5 according to FIG. 3 is installed
together with the camera system above the printing machine
9, so that the area of coverage 6 monitored by this device
includes the regions of the feeder 10 and the chain conveyors
12, 14.

[0090] The monitoring operation with the device 5 is
realized in the same way as shown for the embodiment
according to FIG. 1. In particular, the area of coverage 6 is
again subdivided in a suitable manner into security zones 7
and, if necessary, into warning zones 8, within which
safety-critical objects can be detected.

[0091] FIG. 4 shows a second exemplary embodiment of
a protective device on a printing machine 9. The printing
machine 9 in this case corresponds to the printing machine
9 shown in FIG. 3. In contrast to the protective device
according to FIG. 3, two devices 5 for monitoring areas of
coverage 6 are provided in the present case. The area of
coverage 6 monitored by the first device 5 covers the first
chain conveyor 12 for feeding paper stacks 11 to the printing
machine 9.

[0092] The area of coverage 6 recorded by the second
device 5 covers the second chain conveyor 14 for removing
the paper stacks 11 from the printing machine 9.

[0093] The areas of coverage 6, monitored by the devices
5, in this case are dimensioned such that their widths exceed
the widths of the chain conveyors 12, 14. In this way,
safety-critical objects can be detected even before they have
entered the region of chain conveyors 12, 14. For the
orientation of the operating personnel, the borders of the
security zones 7 within the areas of coverage 6 can be
marked by lines on the floor of the hall in which the printing
machine 9 is installed.

[0094] For the exemplary embodiments according to
FIGS. 3 and 4 and prior to the start-up of the protective
device, it is useful if the paper stacks 11 to be transported on
the pallets are input and stored in the evaluation unit 53 as
non safety-critical objects.

[0095] FIG. 5 shows a feeder 10 for a printing machine 9,
which is monitored by a single device 5. The design of this
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printing machine 9 corresponds to the design of the printing
machine 9 shown in FIGS. 3 and 4.

[0096] The feeder 10 essentially consists of a frame 15 in
which a paper stack 11 is arranged. By means of a gripper
16, paper sheets are pulled from the top of the paper stack
11 and are fed into the printing unit of the printing machine
9, which is not shown herein.

[0097] The device 5 is installed above the feeder 10, so
that the area of coverage 6 that is covered by the camera
system of the device 5 also covers the top of the paper stack
11 and the gripper 16. The security zone 7 within the area of
coverage 6 is dimensioned such that the operating range of
the gripper 16, which performs movements that are danger-
ous to the operating personnel, is covered completely.

[0098] FIGS. 6 and 7 show an exemplary embodiment of
a working tool in the form of a folding press 17 which must
be monitored to avoid danger to an operator. The folding
press 17 is used to bend and shape work pieces 18, in
particular sheet metal parts. A work piece 18 is respectively
formed with the aid of a jointly operating upper tool 19 and
a lower tool 20. During a pressing movement, the upper tool
19 and the lower tool 20 are moved toward each other, so
that a work piece 18 positioned in-between is folded or bent
along a bending line.

[0099] In order to process the work pieces 18, these are
normally inserted by the operating personnel at predeter-
mined positions between the upper tool 19 and the lower tool
20. As a result, the respective operator in particular is in
danger of sustaining serious injuries when inserting his/her
hands or fingers in the region between upper tool 19 and
lower tool 20. Furthermore, the movement of the work piece
18 during the pressing operation also carries a considerable
risk of injury to the operator. The device § according to the
invention is again provided to protect the operator and
covers as non-contacting protective device the area of cov-
erage 6.

[0100] FIGS. 6 and 7 show that the area of coverage 6,
monitored by the device 5, covers a three-dimensional space
with a rectangular cross section for the basic surface. The
longitudinal side of the area of coverage 6 in this case
extends along the bending lines of the upper tool 19 and the
lower tool 20, which are located within the area of coverage
6. The security zone 7 of this embodiment is configured as
partial region of the area of coverage 6, for which the border
along the longitudinal side extends parallel to the bending
lines for the upper tool 19 and the lower tool 20. The
warning zone 8 is located in the area surrounding the upper
tool 19 and the lower tool 20 and directly adjoins the
security zone 7.

[0101] The embodiments illustrated and discussed in this
specification are intended only to teach those skilled in the
art the best way known to the inventors to make and use the
invention. Nothing in this specification should be considered
as limiting the scope of the present invention. All examples
presented are representative and non-limiting. The above-
described embodiments of the invention may be modified or
varied, without departing from the invention, as appreciated
by those skilled in the art in light of the above teachings. It
is therefore to be understood that, within the scope of the
claims and their equivalents, the invention may be practiced
otherwise than as specifically described.
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I claim:

1. A method for monitoring an area of coverage around a
working tool with the aid of at least one camera comprising
the following method steps:

Recording an object-free security zone within the area of
coverage as reference background by using the at least
one camera,

Checking the reference background with respect to non-
homogeneity, wherein the reference background is
rejected as non-valid only if the non-homogeneity
detected within a predetermined variance distance falls
below a predetermined level and the reference back-
ground is otherwise classified as valid;

If the reference background is classified as valid, releasing
an operation for detecting safety-critical objects enter-
ing the security zone by comparing images actually
recorded with the at least one camera in the security
zone with the valid reference background and wherein
a safety-critical object is considered recognized if the
respective actual image deviates significantly from the
valid reference background.

2. The method according to claim 1, wherein the at least
one camera has a matrix-type arrangement of receiving
elements, which are combined in a grid of planar zones,
respectively with a predetermined number of receiving
elements, wherein at least one reference image characteristic
is derived from output signals of the receiving elements of
respectively one zone and the at least one reference char-
acteristic serves to classify the non-homogeneity of the
reference background.

3. The method according to claim 2, wherein the output
signals for the receiving elements of the at least one camera
are formed by grey values or color values and that within
each zone, the average value for the grey values or the color
values of the individual receiving elements is formed as a
reference image characteristic for classifying the non-ho-
mogeneity of the reference background.

4. The method according to claim 2, wherein the variance
distance is formed by the distance between two adjacent
planar zones of the grid.

5. The method according to claim 4, wherein the size of
the variance distance corresponds to half the size of a
minimum object size to be detected.

6. The method according to claim 5, wherein the reference
background is rejected as non-valid if two adjacent planar
zones have the same characteristic value within predeter-
mined tolerance limits.

7. A device for monitoring an area of coverage around a
working tool comprising:

at least one camera;

at least one computer unit that is coupled to the at least
one camera and at least one switching output that is
coupled to the working tool, said switching output
having means, integrated into the at least one computer
unit, for storing and classifying a reference back-
ground, wherein the reference background is an image,
recorded with the at least one camera, of an object-free
security zone within the area of coverage;

means, integrated into the at least one computer unit, for
releasing an object detection system in dependence on
the classification of the reference background; and
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means, integrated into the computer unit, for comparing
actual images of the security zone, recorded with the
camera and a reference background classified as valid,
wherein a detection of a safety-critical object within the
security zone occurs if the actual image differs signifi-
cantly from the reference background and wherein the
working tool is activated via the switching output that
is triggered by the computer unit, but only if no
safety-critical object is located within the security zone.

8. The device according to claim 7, wherein a binary
control signal having switching states is generated in the at
least one computer unit, the switching states of which
indicate whether the existing reference background is clas-
sified as valid or non-valid.

9. The device according to claim 8, wherein the object
detection system is released or blocked in dependence on the
switching states of the binary control signal.

10. The device according to claim &8, wherein the switch-
ing states of the binary control signal can be output via an
indicator output that is coupled to the at least one computer
unit.

11. The device according to claim 10, wherein the device
is provided with two cameras, which form a redundant
camera system, onto which a beam divider projects images
of the area of coverage.

12. The device according to claim 11, wherein this device
comprises two computer units, one respective computer unit
being associated with one of the cameras for evaluating the
image information recorded therein and wherein both com-
puter units are coupled so as to perform mutual checks.

13. The device according to claim 12, wherein the switch-
ing output is actuated by both computer units.

14. The device according to claim 12, wherein the indi-
cator output is activated by both computer units.

15. The device according to claim 11, wherein the two
cameras of the camera system are identical or at least operate
in the same way.

16. The device according to claim 12, wherein the two
computer units have identical hardware structures.

17. The device according to claim 12, wherein the two
computer units have different software structures.

18. The device according to claim 12, wherein the refer-
ence background is stored in each computer unit and is
checked with respect to its non-homogeneity.

19. The device according to claim 18, wherein the object
detection system is released via the binary control signal, but
only if the reference background in both computer units is
classified as valid.

20. The device according to claim 12, wherein for the
object detection system a comparison is made between the
images actually recorded with the two cameras and the
reference background is stored in the two computer units.

21. The device according to claim 20, wherein image
characteristics are obtained for the object detection system
in the two computer units from the image information that
is input with the aid of the two associated cameras.

22. The device according to claim 21, wherein the image
characteristics determined in the two computer units are
compared via the connection between the two computer
units.

23. The device according to claim 22, wherein the work-
ing tool is shut down via the switching output if the image
characteristics detected in the individual computer units do
not coincide.
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24. The device according to claim 22, wherein a working
tool is shut down via the switching output if image charac-
teristics assigned to a safety-critical object located in the
security zone are detected jointly in both computer units.

25. The device according to claim 7, wherein within the
area of coverage that is covered by the camera system, at
least one warning zone is defined in addition to the security
zone, wherein a warning indicator is activated via a warning
output if a safety-critical object is located in the warning
zone.

26. The device according to claim 25, wherein the warn-
ing zone is adjacent to the security zone.

27. The device according to claim 25, wherein the refer-
ence background comprises the security zone and the warn-
ing zone.

28. The device according to claim 26, wherein the move-
ment direction of a safety-critical object within the warning
zone can be detected.

29. The device according to claim 28, wherein the warn-
ing indicator is activated only if a safety-critical object is
located within the warning zone and moves toward the
security zone.

30. The device according to claim 25, wherein several
security zones and warning zones are respectively provided,
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wherein one switching output is assigned respectively to a
respective security zone and a warning output is assigned to
each respective warning zone.

31. The device according to claim 30, wherein the work-
ing tool is shut down if a safety-critical object is located in
at least one security zone.

32. The device according to claim 7, wherein the working
tool is one of a working robot and an assembly robot.

33. The device according to claim 7, wherein the working
tool is a printing machine.

34. The device according to claim 7, wherein the working
tool is a feeding device.

35. The device according to claim 7, wherein the working
tool is a press.

36. The device according to claim 7, wherein the working
tool is a folding press.

37. The device according to claim 7, wherein the safety-
critical objects are persons.

38. The device according to claim 7, wherein the safety-
critical objects are arms of a person.



